^^■■^■■■^f ■■■■* * £VW ^VB JHI f 

(Motion on a Straight line) 



1-1 



<u-0" c> ^=^ J^ L5^ '. <fc j' ju H5 '^^^j <f '">ll j-^=»j-o Jfj^'it (kinematics) «£>JI 
.^j 6^5 ^> &>JI ^Lu^i <ooiljjj (dynamics) ^Lj^jJI ^^i*^ 1 * \n 
j^o <LLL2j JS ^i a <£.jL_tijj v <Gc^j_oj r <i* iA^a a-^^J LljLi a < <i^ 5^j-^. ^jjujjj LqjIc 

JUJI ^i L£ ^,,,^11 £jJ*ja jjj^i! (cylindrical) <_pl^JL-uiVljl < (spherical) <^jjSJI 
JLLLa jl (observer) uJljll ^Jl j^L oL:ld^yi *U:lj g^i ^ULkl JL Lk < (1-1) 

.^^Jl j_»Ll ^ill (Jrame of reference) jLLu*y I 




(1-1) 



(l-l)J<LiJI 
dp 



V =- 



dt 



:<£}L*JI J^o <CjLuuj A -y"\ nj 



^ . ds d 2 t 

(2-1) a = — = — 

dt dt 1 

L itjj J* ami-%11 5JU. <i>*-o «-c <aj1 <v jl <r c^p^tl ^l ^^=^ Jl jc-col^JI o-o 

.*£ JSLiu o^VI uejf*^' **>** ^^ ((initial conditions) <£\ Shil LjjAll) 

^uifl <JaiJ 3"^ LxjU a i n^k *-uoj-o ^S=^i UljI (J^lJ Lojic <GI ^Jl LlA SjLujVI <j-o U" 1 -^ 

<_o>.j] Lea ^JlVnlj /PljJ^ J J (C^'Jli^ J^> ' "' ' ^J-u^JI Uj-^J ^J Lai .a-iALlxla Jo_=». ^_lc a < il^l l 
<< '*** Lftjl nf 1 O^fii A \\ % e\ A UVi J^c O^-J' J I <4-^o <LkJiJ (JS *_i-q^Q Jd2wJ ^1 <i-»jlc I \\ If 

(Newton's Laws of Motion) ci^j^li I^M Iji 2 - 1 

<JnK vll <8 ^^uLu^l J^LLiLI (^jij-u U^l$* 6jlx. ^ e\ i i , n ^^jJ I ) (Jj^JllI C/-jl^ ^^ 
^]/ijljiul &JJ& . L^J <J^aJJ CjIjI i 1,1 1 Ij <tf^=JI At win e_Li-ojj i aI i n^V 1 tlL^LIj ^^-^ 4j_uJjjJ 

•{Inertia) jl lii Ijj-uaU Iji 5JLLJ I '.(Newton's First Law)JJi I j}^ jj^Q 1-2-1 

^jLL j!lj-o o-° ^^ Je L^lit ^>^l ^^ j^^u ^y- >^l^ f^-*^ <s'\ u' l^-^ (inertia) 
^^uAIj am.^11 ^L^ L&s^j (state of motion) ^ , ,.^ II <^>^l I <JL^JI 5x, j^-J I <LaJLa j j^ 

U-vll L >uib ^Jr. I^j^jlo ^nj <ljbUk-jlVj ^U^V j;iili ^1 <Icjj-u <L=klo ^jl c5^*^ '"^ ilLaJI 

.<ukjl^^jll 
cjiljll ^ic J_aIju <j_»G <£.ji m a \V\i ne\ iaiw ^Jr. julI a < <i-y <Sj^. ^Li JL^aJ I <j I ^^-fl dUX»2 

2 



JjVl jj^ ^jj-^li jLi IjJ .3 U^ll > ij«^j ^ £4$-b jL^I ^ v^L^ l n<> ^^ Sj^Ij 
(inertial pLAall ^ JUS 2 tl iUr 2 «*;l,i^ I jj l ^a 2 a jU*«a j_,j_^ Jc U^^j 
<il£ £j^JI I4JI <T j,,.n cxi^j <Ljj U^,n ^UJI ljj> L^i jj^ coordinate system) 

(jj^\ <Ajkix> (g\ Li cjjZJ\ j^>° ^ ^1 ^j^ jIUo J^.tn tLlill iJLLjJI j^LJJ <u$kio 

<j^-*f <j| j^ <c> isj}U 6j n*i , i , <j , l l <Kj_^JI Ay \*n 4juLj j_i£. < -^i <L ^ajVI rc-Lxjuxi jl jTcv 1,1 <ijJ^ 
<Ui a! mi^ I <£j^ (j^JjJ^ Lowlk. }G_o jmA.1 I <iji-» <Jcujj^ jjl^ f\ <LojtVifn LAaC JaIj <j| 

<jLxj j ^j-*-" cul£ ij] l (j ^ U» «i ^j-o ^_jjUL aLuucJ S^j^. ^njj-i Lojlc ^jAjVL <lLlu^-q jj(-\^ 
(3-D ly =0 => v =cuQ 

■.(Newton's Second Law) ^LU I ^^jj^li 2-2-1 

<&ijzJi AijL^A j\ j^ ^^.^ Ja^ jl eJjjjdl ^i .<Jti^JI t-ij>su ^i ^j^jUII" I j-A jjij 
^ JJJ^I^V ^ mi^I) <jlj Lax j I jJLa ^^Jb <JLa5J U . iiA^J I «JLuL-o jj^I <-^^JI <llU. 
<GU V jvl <K <J ^jl£ Ijl loai J^tUI <lo InlUj L,,.^ 1.^,7, InUf j jJ ^>^l <f^w ^> 

jJLLlil Ha ^ ifcUl cJb^Aii .^^Vl J^JI (>j»j <1ij JjLlLI j^till iuuljjj aIj L A...u,sk 

3 



(8-1) F = ^v) 

dt 

Jic jcIL^I <gi VI t m\ Jic (quantity of motion) iS^J I hucS ^1 ^j±> 3JUUI 
:ji (J\ <p _» <J y*j> < JaSfl ^j j] {linear momentum) ^jo^AS ^jJIc-Ljju »i *v»... 



(9-1) 



p = mv 

:j^lll ^^k ^llll Jjj^ u^L5 ^J&i dlljj 



(10-1) f_ = * 

7 dt 

■ ^l^I ^^1 j>^=>iJJ >-ij>*2 Uilj iUi Ij^iU .j^J ^lill j^ jj^U jl 

(Newton's Third Law) J*_ii I jjj J*_i] I :£jli] Ijjjj^^Q 3-2-1 

iJUJlJ^ (6-1) hte^> 

(11-D F,=-F B 

: <GI ^ ^^ ^jJI cJtlll ^j^ Jj^Ul ^^Li^l J^'t.ll <i»LJI <&U]I U.~ 
A* 5 ^laif^lj^fl^lij^^F^S^^ Ijl 

<L_jjL-uLi Jjtii jj Jxi JU :Ja«JLI JUJL dJllll ^j^ ^U i^L IjjSS 

UaL^u LS) JaaII J^j JjlAJI JIja J\ llA j^uiji jU 6 U^L <Ua£LLij LaailL 
Ijl VI >u^U iijL^ uJ^V U^l . ^n ^jU JljJ LjJ (>4h^o Cg ft "Q (^ uLk£ (o?j^ 

<GI j^ii Lli Uaj^I 3$^ lluujj Ijl Ll .Sj^Ij iojh'ift^ L_* e g- -? M <^>^ l^j^ 1 

. LojJ <LilC >TX V I »■ . .I'vll \JUQJ • . A A. i 

P B JP, ^F^ J F 4/J <> o%^ 5LJS <*fci- <*^ iJISII u^^ 1 <^ 6^i 

rJIdl-Dj^Ua^ 

(12-1) ^ = d PB 

dt dt 



at 

(14-1) Pa+Pb^^ 

JaAJI jj^ JaAJI ^j** 1 ^() < A» j ^^ic 0Lk& C/^" 1 ^! tj-^J' f-^' 0' cr^? ^J^JI ul^^"-^ 
^^a < Ln^l, < t <n Lk <^ I < (isolated system <Jjjjl* * *jU;t ^L>it | ^^J I 

cKfcH UL^^ UJli^ ^»^JlC <CjI in nil jj^x-o (Jjlo < a ti"n no la^ ( Ac a < n^ dlj^JL LoJa£. 

(15-1) F=m — -= — 

dr dt 

: jVi <SjLJI <5}l*]l ^jA^ta <1oKaj 

(16-1) p2-Pi = \F(x,v,0 dt 

h 

J£ ^ Jikfj <f^>i I <Lj&d(integral form) ^lliil JSuiJI 06-1) <£>U1I Jl^ 

:jl ^1 </_* <1 ^jj (impulse) ^i jj I ^1 L^ ^J^L 

(17-1) J = p2-pi = JF(x,v,t) dt 

h 

:<£>UJL j%mi^I1 (kinetic energy) <a£>aJ I 4i LLJ I ci>*: 



(18-D T=\mv 2 



:^ <<!& m J| ( ^u-ijIlo «6jj*a.Vl <5^LjJI jllLiiL 



dT dv dv 

—=mv — =v(m — ) 
dt dt dt 



•u'c* 1 



(19-1) ?L=Fv=P 

dt 



<>uVl U>jU\ JLu 6^ (differential form) ULL1 1 <^>Lil J^UUI J<.*.m ^ li* 

. i 7 6^iU ( instantaneous power) <okaJJ ISj^aJ) p=f*> 
:o^li (19-1) <Lal^ ^ULLuJf ^Jaill ^LilSlll J^JI ^Jc J^^^ 



fi 



(20-D T 2 -T x = \Fvdt 

h 

: J^ (20-1) ^1;= dx/dt^j*!* 

( 21 ~D ^-T^JFdx 

: < x 2 Ji x i c> r-?JI J^e L ^ F Ji^^b (21-1) > 4 >JVI cJ>ll ^ J^KUl j] Lu 

x 2 
(22-D W=JFdx 



X 



■.(Work - Energy Theorem) <5UJ f j JjlSJ I IL^ ^ j.^-.a 

(23-D r=;r 2 -7i 



:^lfl (22-1) j (21-1) j (19-D 0* w cMJ'jP 5 j jSJI C& <W*JI -^ « U^l 
(24-,) P-^ 

<ju Lj 6 JjU ^ua Lk a mi^ <&>^ 4-1 

<2= — = cub 

m 
- J a dt = t 



v=\ adt =at+v t 



'0 



x=\ vdt-^at 2 + v t+x 



i 7 = mgsinfl = ma 
0=gsin0 

:((^ 2-1) J^JJI ^kil) jsj^I ^>aJI <L^^o jli LLl^ iS JLul\ <j\£ Ijl :<jVI 



F =mgsmO-F 








(2-1) jLiii 



N= mgcosO 



F T = mg(s'mO-iLicosO)- 



ma 



:F 



:£j Lull I jaa-cuj 



= g(sin0-/zcos0) 
tan# >^ 

tana = /i 
i^ 1 tA? J»l l-li ■«= afii ji.rie. .(ang/e of friction) dlSl^l i M ij 4/ A^ u sII 

Ji-Vl ^ ^iai Je. ^1 L*ij | j(j UL. j. jLuUI j^0 <a oil* I jl LI 

fl=-g(sin0 + /icos0) 



□ 



iJlollL (16-1) ,j&\ &S*. <Cy>j^ fr* Sjf* 1 * *^ f^^ t*-^ I jl 

(25-1) rn{v -v )=JFdt 

h 

:(25-i) > v^ r i> •<^ 1 ^ 1 W^ 1 



tl 



(26-1) * = — = - f F(t')dt'+v 

dt m J 

• dU^I ^1 ^i ijuLuaJI J-^aj-o ^ Sj^Vl <£>UII iial^AJ 

(27-1) x=x + y r+-J[jKr)^']^" 



m 



v ^lkilj E=E cos((Ot+<t>) ^ J* J^ ^-** JL ^ tf* < : ^1 d ~>^ 

. (j-A^I f-a <Xjuqj-o ^ >ii**n < . . <J> J-iJ^» 

F=^=-e£ o cos(fi)f+0) 
m — = ~eE cos(cot+ 0) 



:^^» 



j <JjLslLI 6 Ia <LKaj 
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eEr, sin (b eE* 

v=v + — — -sin(<y/+0) 

mco mco 



: J^J (£j^i S j-o <Lo ISJL L 



eE cos<l) x ^ t x e£ o sin0 + ££ 

72 



*=- " 2 + fl * + — -f + ^COS(fi)f+0) 



a 



mco mco mco 

.f=0<k*JII ^x =0 LjL^jd 



XaLklJI^jI- ^juuJf^Sj;}^^ 6-1 

i&^JI <1jL*_a j^^ &S*. F= F(v) J\ <L1a <^joJI £* ZjjlxL* 6jZi »... ? . a^ | j| 



:<loj 



dtf 1 f 

■ = — dt 



F(v) m 
dv 1 



(28-1) \-^- = -Lt 

J F(v) m 



C£~ jijk. «<»ll ^ ^ <A£ jc Jt^^Jlj (28-1) J*Ksll ,1^1 j^, <i] ^i^ 

3-1 ji.a 



11 



dv 
m — =-bv 
dt 



:jjaJ jU ^yA . XoLklll Zj* yjujlH Ojl!i V lla-^j 



^ b , 



<loj 



— / 
v=v e m 



:<»U1I <> Uj^a jjj^l l^JLkii ^1 <iLuil U 

ft 

x=\vdt= — Hl-e m ) 
J b 

bu 



v-v ( 



V 



■t+... 



m 






l^Lu» fj^jll o5^ L ^) 4^' * iUkil '^ ^'j** 2 ^ Luil ^ ^^' 01 ^^ 



<iliUa I ^^il I- ^^1 1 ^1* ^1*^6^ t^L^ { 



7-1 
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(29-D F=F(x) 

x 2 

(30-1) \rnv\-\mv\=\¥dx 

x x 

. X^JX J^o ^ m i ^I I Jilli LaXiC F JJLli ^j-ojVI ^J^UI ^i J_clf£lll Jlo_> 

:<£>L*JL (potential energy) (<i*lUI <3LUI ji) j^^ll <iLL li^c Ijl 
(31-1) £/(*)= -Jfdfc 

U'J-*' £^A>° C£l) J ^ ' ^H <JjLu^ J-uo^JI <5LLaj SjSl-l <Ufl ui^ <£jLLkl £-xoj-a X £ua* 
X^ya j\ iii-nI I JlH LoJoC 1q It Mil <jjLuuu» jFSjill J^C <^JI Lit I « <^>jJI <3(Ja tjj£j Jajlc ^aooj^JI 

#2 X s X-> 

j F(x) dx= j F(x) dx+ JF(x) dx 

x { x { x s 

=- JF(x)dx-(.-JF(x)dx) 

= U{x x )-U{x 2 ) 

Ij^tl I ^ic <i UeJ Ij Jt Mil I <L»j!aJ j * « >^"j 



(32-1) \mv 2 2 -\mv] = U(x x )-U{x 2 ) 



(33-D [/( Xl ) + I my 2 = l mv 2 2 + u(x 2 ) 
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:j' 



:j ljill 



(34-1) E = \mv 2 + £/(*) 



.(total mechanical energy) ^LJSJ I ^^jJiI^jJL I <iLLi I 

•j^ll ^c I+LL& ^jll j^ fcLuil olj^ fc>*l (34-1) > Sjlil^uVI J^u 



(35-1) *=—=± J— (£-£/(*)) 

^ V rn 



dx ±Ji dt 



; J^xfl 



^E- U(x) 



(36-D [ . dx =±J- (*-*<>) 

jUjL L«i ji o£i cBjj .>jll t- g-A>tl j^£ <££ J;J*2 u^e Je L f n <^^ [ cl >^ 

!(J3VI ^ Ljlil) Vu-Jl J-.K1I JaJI 



4-1 ji*0 

s(x= 0) IjJ.1 Jjc 6jxj jj*jj tib$j<L«jL-fi>j<5l-laLo .=- to 
x =0 Ljil jl t/(x) = kx 2 /2 ^ (31-D ^iVi ...•.« ^^1\ j-^»j <3U» Vjl vjM-^i : J*J I 

.(£/(*) = F(x) = 0) ti£* f-^ 1 u&> ** 
:J\ (34-1) o- ^ dl jl / = <1*JII ^i kL- o 1 ^ fe-^ 1 ol ^ 
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2 sdx.i 2,1 1 



_ — -l / ^ /„2 2x ir 



:^ (35-1) ^ ^ijujjOlL 



m\x/ a) = ±Tfk/~m t => x=asin(cot) 



oi 



^ <^JI <JjLv. 1 H*JI e- J-i o^lj J*l£ ,I^L <J liL^ LIST W; 

4^>J f c*e ^ <e>J I cUj j 8 - 1 

<> <taJ . JS J x <u^* <i^ flf5l _ a j^ ^ d ^ ^^^ ^ ^^ 

r«JI OK jl ^o«e^eo//rm/omjs^l J ^^^jj <J I j^ u .^i 

<> c^jJ <i a] Jjfcj <*-A>- J*^ quSI^I Jl HxSa.V J -.... ^ j^ 
^ ^Jl Lj.joi .JL^I ^ oL>J j .wli <1 a u .UkiJI J d^; 1:1, jl^j, 
<> 4il> i^kl^i .0^ ji .^ ^^ ^^j ^^j, oLi ,,^ ( ^, 
<iUll c^LS ^ ,^j| ^ oL>jJ cajLHJji-.ek-.Jc jU^^ ^ok 
u) d>* dlJl ,<^LJI ^ oU^JI 6iA ^, ^^ ^ ^ ^ l^ 

.cLtljj I&4, .L^JI <> oLjj iaC <JUJI 6 Ju J 4^b:.H 
J- Jx, j^l^ Li ^ j^i, ^^ S>J , ^ jUa ^ ^ tf>1 -^ ^ 

J-ISS ^ <iUJI I J^ oJJaJ .(36-1) <> li^ L* .Ui ^|j j^ j^j, 

oi^ t* jf^V LpV .(constant of motion) te^ ^£ j .(first integral) JJ 

.(energy integral) JuLUI J^Lfc (36-1) <LW ( _ fA ^ L* -<>0 j| 
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0& Jj cSS^JI C^jbd J*l£i * l>J <> Jiu 4$^ CuljS JJ^J U' f^ ^ £^1^ 

C^l * ^i Oi J LJS fj^,,,* -k^ ^ 4^% f-A <lLx JjJ^ olaV j^l &>* cut: dllA 

iSLUl4JjL*^>&<£>aJI Luiljj 9-1 

jl .1 t&JI «£^JI gjjil i^uljJ i^LuKJLl 32LUI c*L5 j> Sjlil^VI o^e 

O^L 01 v-e j^ 1 ^ *W J 1 ^ 11 ^ (35-D > J*^* I jl ,<iUJI <IjLlo > <*jki* 

,(3-1) JUJI J L£ jcIjJLI jc 6Jju ^o ^^J £/(x) g^ll <5LU olj^ H^j IjU 

: JjL Jia.^ i^k. {potential well) 0><^ j^lt ^ c£^' 

.LJLu-[/(x) 
.(stable equilibrium) jYiutn J '>* I aL& x q iS ^^ . Ujj <^jj^ 

(turning point) jt J3 jAUVi p£^\ OyU ^> J£ ^^-^ dp^ -4^!j j '^j ««^£ll 
K^JI j^ ^^ £ *>° ^^ ^' £ °^ '^ U ' La ^ (P eriociic ) Sjjj^^ 1 j*^ 

. UjJ^j UjjJ Jd^i ci^ J^ JJU ^jlui .Xq <kUI Jj^ ?Uj . .n ifjIjlAl 

LSLu JLi jl x 4 j x 3 cru LjIj^aI 4>^j 0' k u . x 5 > x> x 4 jl x< x 3 ikiill jic oi^e 

dU; VJ i1 op cLuoJI j^i vJ^ 1 ^^^ ^>^f f— ^' O^J £= £3°^ l3 !" 5 

.oSjJI Jlj^^ljal^L^JI d>^3Ju l JL^- lalSi ^5f^ ^^^ £ >£ 4 cul^ lJl-6 
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Xfo X2 X-i Xq X) Xa 



(3-1) J<LiJI 



(37-1) tf(x)=tf(x,)+ 



1^ 
1! rft 



V X JXVwT" 



1 /(/ 



2! <fo : 



V X Xa ) ~r 






dx 



-0 



d 2 [/ 



dx 



>0 



i^ui^csy-^LKj^jijj 
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(38-1) 



U(x)= 



1 d 2 U 



2 dx L 



x ,2 +<X* 5 ) 



,j&] J <ilQJ| <+jJ\ ,> Y^i jjja. jj^ ^Jt 0(/ 3 ) JjSloiu </ = x-x^ 
(U(x) <> j^ jjSi o~J E jl ^1) x Q <> ^aK Jlxiu iuj5 ^^Lu, x oi H^> I Jli 

: Jl U(x) Jj£j (X^ 3 ) JL*aI ^ Zx* 



(39-D 



(40-1) 



f/(x')=-fex /2 
2 



f d 2 U(x)^ 



\\t (At £ 



*J^ 



dx 



/.X = 3 






(41-1) 



2 k 1 
.6) = — = — 

m m 



f ,?„, ^^ 



V 



<r£/(x) 
dx 2 



:<3bL]l Jij (X ) O^VI £**)* ^> j^u^JI Jaj j^*%5 



(42-1) 



x'= a cos( cot + <!>) 



(stable jZIju** j'j^' -^ u^ 1 ^ >^' ^ ^^ o£? ^ILUlJI ^k jlk» 
jiL^ j^) 3IS jljSl LU: ol^U jjSi Uuc j^ ^ill Llilll ^j < equilibrium) 
(unstable ( 

(neutral Sj^LJiI 3JLLUI tulS L^ j^ ^1 <ikiil ^^ou^i Liu ^equilibrium) 

. region) 



18 



:<fcl*JI <> <Jc SjS^ll S^JI jUJ jl^ 



(43-1) 



i?=-- 



dx 



5-1 Ji*0 



<& 



■ = 



-c«r ( „2 



e~ ax (a A x-2a) = 

• X=2/a J^. SAa.ljjI^I 2La\ 1j| ..ll'.ja 

*J Ij i"., ., ^ JjljnVI lit ^jlS Ijl Lui <ij*l 



-U(x) 



dx 



= e- ax (3a 2 -a i x) 



x=ll a 



x=2/a 



a V 2 > 



:^li (41-1) ^ <J^ ij^Jl oljljlAVI JJ^ O^ij <^1^ |jj' 



VU 



„ 2 = A = ± 



^2 



dx 2 



a 



2. 



me 



/? = - 



'*=2/a 

—~=e ax (2a-a 2 x) 
ax 



JL^fe^ 



<LiAal 



O 



e" <-lj| ojL^ Ijl <ii -do Js-oii d^ x ^ K^oljJu (4-1) J^UI^^ 

j^ ^j— 3 J, ikuu, ^V <Gh,ljUl jU ij^ JSLJ.I jIjSVI ^^ 

. (anharmonic) 
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(4-DJSJJl 



(Free Fall) j*l I L^LuJ I 10 - 1 



(44-1) 



d 2 y 
m — f= + m± 

dr 






(45-1) 



m 



d 2 y dv , 

— f-m — =+mg- bo 



dt L dt 



(46-1) 



: Ja-i V it^uJI iiujilL (45-1) J^j 
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wg 
(5-DJiill 



Jjaui ~~' jAi {/Lai Jjjlc 'jf*- 4 - ^ U^ '4* 



(47-1 : 



2m 



5JLJ <£Louo ^I^j^uu ^jjii (f « m//>> UjIc ^1) am.^11 L^Llu LIjj jIc <g1 J^oU du 



(48-1) 



v™ gt 



:<Gju LLr a m^ll <c^>xju jj i n*i ( ~~ l (Ja^j 6j">> f » till u ^l) 5ai^ *^0 *J-** JJL^ ^4 



(49-1) 



^ ^ 



Ji-^j ^1 <£.^uJI I^jI ^Lc Jiiiu l+*>43 A terminal speed) i^l^lJIitj^uJI ^^.,,1 

. j^inll 4-jjLuLua <xlc 6jjj>JU (£>*J' ^I'rt^ ft j urn Lajlc a > n^Jl L^jJI 



(50-1) 



mg=bi{ 



(51-1) 



mj 



.ty =- 



:<lej 
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6-lJlaO 

6U^i 4^u jiuuSU pifajs Ja^i <-ojLiaj <e^M' sjS t> St^ o^ e-*W <> : cU" 



wg + to)= w- 
dt 



(v(0)=vj <±>\Sh1\ Lj^l <t^Lu 



6 
wg , — -< wg 
— +i/ )e ™ -— 2- 



:j^Ji t^O^jj^lCjI^l^lj Jb-^fO^J" <>j" y»^'» f3 



fc wg 



:f <xkaJII <£.jjuJ\ ^^Vl AtMi^ll ^UCjl ^4 lo£ 

J 6 b b 

: jaji 4LLJI 3bUll , J t oi^L ./0)=0 Ljuaj£u 

Sr max w **^ * 



Jmax & " b 2 mg 






GAfm 
(52-1) ^ = - 



r 2 
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.6.6x1 Or 11 N.nr/kg 2 ^jLu^ f Ul iujUl cuG G& 



(53-1) U(r)=-$F(r)dr 



GMm 



154-1) (/(;•)=-- 



, GMm 
(55-1) E = inw 



:<2lU I J-»lii <JjL«-<i jj-ajj 



: l+i-j 



, 2 GWw- 

(56-1) v = ±J—(E + ) 

V m r 

jxUJj o^j^ 1 ^ '■■■«"-'' 1 V"*^ J* 1-2, t^ jl <>* '" f^"^" "k^*"* S^^ ^^ 

:OulLUIudU^VI 

:r&ow«flE) ,a,vl jl^ f^Ji oi ^ £ < o - ( 1) 

jjiail jljill jXwoj ■*'J~ /' liw« Ijlji* jj'^J U^ <l£*2^ (X' l ^H g^lijjl u 1 -la^^J 

: L»jlc ^1 <jtif»ll LjLa* (.56-1.) ^i 

GM;ra 
(57-1) £+- =0 

: 4i*j 

GMm 



(58-1) r, = 
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(unbound) <£>JI >*. f-^ 1 L>\& £ > () ~ (v) 
^LlLuu <Gn^uu ^l Vl di& u «.yy»« ^JcVl ^ Lujj* J>4? f-u*aJI 0^ '-M 
6 M m/r±*l\ JUaI j^u du^ <*jj£ r jx^l U^k. < U jln oil <^S £1x5 jl ^Jl L^jS 



2/i 
(59-1) /', =J — 

V m 



: < J&j(57-\) <Jjbtil J^ J\ u^ 1 J ^ 



60 — 1 ) v= — = ± J— ( /; + 



(61-1) 1 , ^ =±J-/ 

(£ + ) 



r 



7-i ji*a 

E . = - G/7/M / r = - G/wA/ /(./?+ //> 
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£ 2 = 1 , ?/i ; 2 - GmM / ;•= 1 ,»/r - Cm*/ / A 1 

: j^wj (2>yS LLJ I S IjLujy CM - gtt~ j-^=>>j 

v = ^2gRH /(R+II) 

(7^ [i ~ dr 

1 K I- 

1= \di= . f , " ; 

Ik^j^J^jljlJ^J^ 12-1 

. LAj^j 4 "*""J 6JJ^-o (J'J^ 4-USj fjC 6Jju *-o cujillu fr Lxjl bj£l aji n^ll 

:((6-l) jSLill ^1) (Hook's fxiirjdj* o^ll* SjSlI *i* ^^Lju 



(62-1) F = -kX-l () ) = -kx 



6^2 CuQ fec^uiLUJI Cu£ ^^ . tf «j;UH <Jjial <LjlujJL ^J^JU^I <iali-*Ajl jl <<llUunl 

. (spring force constant) J>^^i I 
5JS1I SjSlI jjli ^JjiLut, g-i-ija 4^j^ ajm.^11 jk Ijl <GI (16-1 ) J^ i tit I <> J^OU 
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(63-1 ) 



F=-kX-(a+^-)\=-kx 
k 



^jIjjVI £-*-<»>* 




(J) (6-1) JLill 



(64-1) 






(0 






(65-1 : 



mx=-kx 



(66-1) 



(67-1) 



(68-r 






6) = -il — 



: JL^L(65-l)«jlj^ f UIJ a JijSij 



(initial phase) I ^j-LII j * (instantaneous amplitude) <jui I <a*J I xjui 

^Vl ^>UI ^^ fa> £+0 j^yi Lai '(maximum amplitude) ^^aHjJ I Ol*J I 4j 

. (instantaneous phase) Jaii j^hl I jl 
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±u~V UjJjSj 'f UjjJ < ik^uu ijjIjlAl K^JI ^ (70-1) J=JI <> g nW. 



69-1) 



/?) = — =2nJ— 

(On 



(.70-1) 



T {] ~ 2n~ 2nim 



v = — 



(>jll j-« .v {(amplitude) <«^JI jl) iiiVI <*^JI oljjuu (7-1 ) JL2JI ^L.. 




(7-1) J^ill 



rS^JiLo )» .j .. ga U<J£1I <gl UP ^jK ,j*liu 



71-1. 



E=-\mu-+V{x) 



(72-1) 



dx 
v=— -=-Ao) sin(co t+<f)) 
at 



(73-1 



2 \ , .■> •>..■ 



IT x) = j &.r = j L4 "COS t Q) t+<l» 



r^uKllSOu^, 



(74-1 



£={i«r+lfa 2 =l^ 
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i/=±,| — ('/•-•U-Y 2 ) 



.<JisL^> Sjil j-^Li- f." 1 ^ V 1 -^ ^^ ^-^J ^ liA 



/-• =±J— A=±G) n , 



<IjLl. ^ ^Jlc r j- ? l' 3jk-JII <c^uJI t* e^HS ^^III ^ji 1 H^jtfl IJl 

(77-1) i'--k x- b.\= m ,'v 

. (damping facta)) .uUill cul2 jl .JtS^VI S^i ^& culS ,>- fr J-£ <i^ 

: JUJL ^^aJl <LL^ y2£i 



(78-1) a-+27v+«o- v=:() 






28 



: il n A t 



:^(78-l)<]jUII J~ 



x=Ae r * +Be'~- 



(80-1 ) 



(81-1.) i\ 1 = -y±^y^-(d« 

S = -yjj**£ £jJ£.y»co <= /;" » i w£,ji ^1 fom* damping) LjJu j-»LaJi_ I 



(82-1 ) 






<jj&La J< Vj Lj^j^ <^>^l q>^j j^l j--a (exponential decay) Luul <ju^II ^oSliui 

.(iS-DJLillyiL^ 

<1jLxJJ jj.^j jijic 7 = to j1 ^i /; 2 =4 & /;/ (critical damping) £ ^ juaUJi» y 
: JUJL ijlc (80-1 ) <JjU1I J^ ^^k^u* r } =-y UcLA* Iji^ (81-1 ) SjjJU 



(83— 1 ) 



^ = (/i + /j/)^ >■ 



.<ILJI 6iA ^ t^o^ll J-a .VoljjUU ((^8-1 ) JSLuJI Jlaj 




C8-1.) JSLSJI 

<1jI*a1I jau-4 ^^ ^ <6) o ^ ' ;i < ^ Mk( u ' m b Jr damping )k \\% .a d*LkS- -&. 

(84-1) r L2 =-y±/<y 
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(85- 1; 



CO 



=V w o-r 



: 3&LJL <1U1I 6oa ^i (80-1 ) <hl*^li f Ul J^JI J~u 

( 86 - 1 '.) x = Ae~ v cos( (0 1 + <p ) 

exp(— Jjxaj £y>jl\ jls>° ?-* ^** ><> '" ck 3 ^^* 4*\ i " n ^jj'j^' 4£>* (86-1 ) <1jIjl1I JIaj 

. Sjjj J& ^ (T= 2n /a) -i S^JI jjjJ U>j du^) y 7 ) 

: J-^a>J 5JUJI 6 lA ^i jklklll iilla J^J^J o^u 



(87-1) 



E=^mx~ + ^kx 



~> i 



(88-1) 



■J lift IL^C 



(if , , 

— = mxx+ kxx= x( mx+ kx ) 
dt 



1 ja^ (77-1) <JjUII ......-.> 



L>' **? 



(89- 






= -feT 



. <1LJI ftiA^ 




-/lexp(-)f ] 
(9-DJSLAll 
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